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PREFACE

This report was prepared by Systems Technology, Inc., Hawthorne,
California, under Contract F33615-79-C~0519, for the Air Force Aerospace
Medical Research Laboratory (AFAMRL). Mr. Charles Harmon, Biodynamic Effects
Branch of the Biodynamics and Bioengineering Division, served as the technical

monitor for AFAMRL in support of Project 2312-V3-20, '"Man-Machine Interface
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INTRODUCTION

A. SOOPXZ

BIODYN-80 1is a versatile computational tool used to determine trans-
missibilities (transfer functions) between vertical and/or fore-aft
vibzational inputs and important biodynamic outputs, such as motions of
the torso, head, eyes, arms or hands. The program scenario assumes a
seated pilot, gripping an arbitrary-angle stick and viewing a display,
possibly engaged in a tracking task. The physical model uses an "iso-

morphic,” (lumped parameter,) approach to ‘represent the relevant por-
tions of the whole-body torso, limbs and head, as well as postural
compliances among the jointa. The implementation of this model includes
a chain of interacting parallel and serial second-order elements, with
neuromuscular and other force feedbacks at the arm or head. The result-
ing equations are in “second-order element” matrix form and apply to a
wide range of seated postures. A separate Input file, which describes
the particular set of parameters to be used, 18 created by the user
(usually by modifying one of a cataloged set). This file is 1ncorpor-
ated in the matrix to produce linearized coefficients for perturbations
about the sgelected equilibrium posture. A variety of outputs and inputs
can be specified to evaluate the desired transmissibility transfer func-~
tions, and these are written to a file in formatted form for plotting or
use in other programs. On-line, printer-drawn frequency response plots
(Bode format) are available to aid in interactive user—computer opera-

tions, or to screen significant results from batch runs.
B. BACKGROUMD

BIODYN-80 1s one result of a several year small-scale development

effort, reported in detail in References 1-6. It is based on vibration

-
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measurements made at the Aerospace Medical Research Lab/Biodynamics
Division (AMRL/BB) and elsewhere. Most of the torso, limb and stick
model elements are based on independent vibration measurements (e.g.,
Reference 5), and the neck, head and eye effects show promising corre-
lations with the few available measurements on image motion effects
(Reference 6). However, many aspects remain to be explored, validated

or upgraded as more experiments are run and interpreted via BIODYN-80,.
C. APPLICATIONS

The possible applications of this program are many. It should be
used in the early stages of experimental design for determining the
optimal locations for vibration measurements and/or selection of fre-
quencies. It can also be used by development engineers for solving
practical pilot-vehicle interface design problems such as pilot-induced
oscillations and for optimizing design alternatives such as seat loca-
tion, orientation and suspension parameters. Flight control system
designers can make use of BIODYN-80 output in optimizing vehicle/ air-
crew ride qualities and visual performance effects, possibly incorporat-

ing anti-vibration devices to improve the design.

One further application of BIODYN-80 deserves special mention. 1Its
vibration~-input to biodynamic parameter-output transfer functions are
ideally suited as input to PIVIB, arother software package which relates
pilot tracking performance to the vibration environment (Reference 7).
PIVIB accepts biomechanical transfer functions in the format created by
BIODYN-80. The details of the BIODYN-80/PIVIB interface will be found
in a later section.

The remainder of this report details the use of BIODYN-80, and des-
cribes the model and the equatfons comprising it. Detailed instructions
for the creation of the required input files, and a complete example

problem are also included.




SOFTUARE OVERVIEW

Figure 1 is a functional block diagram description of the ele-
ments in BIODYN and its interface with PIVIB. The BIODYN-80 package is
composed of three programs. The first, called CREATE,* interactively
sets up the two input files used by BIODYN. The second program called
BIODYN, is the actual "number cruncher,” which structures and solves the
biomechanical equations and computes the desired transfer functions.
The third program called PLOT, accepts the file of BIODYN transfer func-—
tions, prints selected ones in a form readily comprehended by the user,
and prepares "quick plot"” Bode plots on the line printer, to facilitate
a visual interpretation of the transfer function information. Both
BIODYN and PLOT are designed primarily as batch programs while, CREATE

permits conversational user interaction in structuring input data.

A subsequent link in this series of programs is PIVIB. It is a
large batch program with three modules. The first, BDMOD, computes the
response behavior of the various biomechanical subsystems. The second,
PVMOD, uses the results of BDMOD and the BBN optimal control model to
estimate pilot tracking performance within the vibration environment.
The final module, VEXEC, provides the top level communication interface
between BDMOD and PVMOD, and per}orms no actual computation. The BDMOD
module expects blodynamic transfer functions in a format generated by
BIODYN. Only the relationships of BIODYN-80 to PIVIB are described
herein, because PIVIB is run separately and has its own User”s Manual

(Reference 7).

Figure 2 presents a flow chart covering the use of BIODYN and PIVIB
in a given session. The detailed description of the various steps for

BIODYN 1is found In Section D. Note that the flow of execution can be

*The CREATE program should not be confused with INTERCOM”s EDITOR
subcommand CREATE; it has been given the permanent file name EXECRT to
distinguish it from the latter.
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uged to solve a single problem, by submitting a single batch request, or
to iterate on a design by submitting a number of batch requests using
the same CHOICES file and slightly altered PARAMETER files (heavy lines
in Pigure 2).

BIODYN-80 uses three separate files in performing 1its computations.
The PARAMETER file contains the set of 96 parameters used to define the
specific pilot/posture/display/vibration characteristics. Appendix A
contains a complete description of each parameter, including definition,
mnemonic, nominal value, recommended range of values and reference
(where available). CREATE 1is used to assemble this file and can modify
an existing file or produce an entirely new file. The CHOICES file
contains the 1igt of desired transfer functions to be computed and
output by BIODYN, as well as directives for producing the line printer
Bode plots. Again, this CHOICES file is assembled by CREATE. Finally,
the TF file is used to store the resulting transfer functions output by
BIODYN, and 1s read by the PLOT routine for generating Bode plots.

PIVIB employs a single large file to direct its flow of execution.
This file defines the vibration environment, biomechanical transfer
functions, tracking dynamics, tracking performance requirements, and
pilot limitations (bandwidths, time delays, etc.). Currently, this file
is assembled in the editor, using output from BIODYN~80 1f desired.

BIODYN-80 and each of 1ts predecessors were developed on the Tym—
share, Inc., PDP-10 computers. BIODYN-80 has been adapted to the CDC
“"Intercom” System on the CDC 6600 or CYBER 175 at WPAFB in order to
increage 1its availability to Air Force users, and to {interact with
PIVIB, which 18 also operable on the WPAFB CDC computer. The details of
this manual will address its use on the CDC machine; an example of a
Tymshare sessifon is given in Appendix D. Throughout the manual, how-
ever, it 1is assumed that the user is familiar with the WPAFB CYBER 175,
and in particular has experience with the INTERCOM operating system. If

not, the user should read References 8 and 9 first.




MODEL DESCRIPTION

Three distinct subsystem models are included in BIODYN-80. Thaey are
described individually below.

A. BIOMECHANICAL MODEL

Figure 3 (updated from Figure 2 of Reference 3) presents the
biomechanical model and defines many of the necessary parameters that
describe the nominal (or trim) situation. It utilizes an “"isomorphic,”
or body-mimicking representation, of the major body segments in their
orientations, simplified to a minimum number of lumped parameter
equivalents. The biomechanical features include:

L] Semisupine torso; sliding hip plus rocking chest
supported on a compliant buttocks/seat.

® Head bobbing on an articulated neck with passive
compliance, or active neuromuscular system.

® Upper arm and forearm links plus grip-interface com-—
pliance, driven by an active neuromuscular system.

® Arm-rest restraints (optional).

® Stick "feel system” dynamics from zero to infinite

stiffness, and any angle of stick or grip.

The simplified torso model was derived to describe the dominant mo-
tions of the head and arm elements; the “pin joint” node between upper
and lower torso segments is not meant to represent any physical feature.
In practice, the masses and inertias are obtained from tabulated bio-
mechanical and anthropometric data for the appropriate sized person
(e.g., Reference 11), the postural angles are based on the actual

situation (preferably via a side-view photo), and the spring forces and

damping coefficlents are fitted to data or taken from other sources
(e.g., References 3 and 12).
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B. LIMB NEUROMUSCULAR MODEL

The active neuromuscular system noted on Figure 3 is a schematic
representation of the net effect of complex agonist/antagonist muscle
pairs controlling the upper aras or head based on the work summarized in
Reference 10. An "NM switch” 1is defined in the PARAMETER file which
causes this neuromuscular model to control the limb (NM = 0) or the head
(NM = 1). A linearized representation of the limb neuromuscular model
is shown in Figure 4, while the head neuromuscular model 1is depicted in
Figure 5. This model relates the action of the muscle pairs to the
effective (spindle) sensors of muscle length and force as well as
proprioception from the stick grip interface (in the case of the 1limb
neuromuscular model) or the head-neck interface (in the case of the head

neuromuscular model), thus closing the receptor-CNS—effector loop.

Unless neuromuscular properties are being investigated, it is recom-
mended that the typical values of the parameters shown in Table A~1l be
used. These are representative of a normal person”s arm—hand or head-
neck system, and generally yield reasonably damped neuromuscular servo
properties. The neuromuscular parameters listed 1in Appendix A are
characteristic of the largest muscles in the body (e.g., the legs), but
experience has shown that the dynamic properties (torque/inertia ratios,
damping ratios, natural frequencies, etc.) are about the same for all
postural muscle pairs. Here, an empirical scale factor S (O 1.0) is
used to scale the normalized muscle to a particular configuration, as
though the muscle acted normal to the upper arm c.g. A more detailed

description of the neuromuscular model is found in Reference 10.
C. HNECK/HEAD/EYE MODELS

Figure 6 1illustrates the basic elements involved in the neck/head/
eye model. Details involving validation and example use of this subsys-
tem model are found in Reference 6. The task is to keep the eye fixated
on the target, i.e., null the relative eye (point of regard) deviation
(RED) at the display. The moving base can produce image error distur-

bances, both from induced head rotation and translation as well as

12
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target motions. The "vestibulo-ocular reflex” 1s a "crossfeed” (or
“"feedforward™) that rotates the eye oppositely to the head to compensate

for head rotation, i.e., to maintain approximate inertial eye fixation.

The "Fixation Reflex" or feedback tracking loop involves the sub-~
Ject”s efforts to null the image error 6; by compensatory eye movements.
The "Target Pursuit” path (shown dashed) models the subject”s "feedfor-
ward"” operations on the perceived absolute target motions in 1inertlal
space (as distinct from the 1image error motions). For highly predict-
able and perceivable target motions the Target Pursuit path 1s capable
of greatly reducing the image errors, but it 1s not involved in most

vibration cases because of insufficient bandwidth.

The linearized model formulation assumes that the target remains
within the foveal area (3~4 deg field), and that angular velocities are
small (f.e., less than 20 deg/sec) such that saccades are rare and can
be ignored. Additionally, the vibration-induced motions will always be
small enough to permit linearization of all angular functions and allow
a quasi-linear representation of the dynamic elements about each “oper-
ating point” (posture, view geometry, frequency). The operating point
angles can have any values within human limits for a seated pilot or

crewman.

The three subsystem models described above contain parameters which
must be assigned values via the PARAMETER file, in order to describe the
desired problem to BIODYN., These parameters are defined in Appendix A.
The available input (forcing function) variables and output (response)
variables are given in Appendix B. Two different input deflection vari-
ables are avallable for the x and z axes. BZP and BXP should be used
when absolute ouputs (referenced to inertial spac¢) are desired; DZP and
DXP are used when outputs relative to the moving platform are desired.
The equations of motion are in Appendix C. Background on their deriva-
tion and development are given i{n a series of prior reports (References
1-3, 6, 10).
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USING BIODYN-80

Three job steps ar:» required for a complete run of BIODYN-80. The
CREATE program is used interactively via a remote terminal, to assemble
the PARAMETER and CHOICES files. These files are then read by BIODYN and
the transfer functions computed, stored on the TF file, and listed at a
line printer. The TF file i{s in turn read by the PLOT btogram to pro-
duce any Bode plots desired. Each of these steps 1is described in
detail. Note that all user interaction with the computer assumes the
ugser is logged in to CDC”s INTERCOM. It is assumed that the user has
access to Intercom set "AFML"” where the program and its files reside.
For other setname groups, please consult your Computer Center Represen-
tative to get on the AFML 1list, or for instructions on how to use a

"modified job stream listing” (Reference 8).

A. CREATE

L4

Because of the large number of parameters required by BIODYN-80, it
was decided that a dedicated interactive "editor” for creating parameter
files was needed to produce rational, error—-free input files, and there-
by avoid aborting during the subsequent, and expensive, batch run of
BIODYN (for example, due to a missing decimal point). Furthermore, this
approach allows the maintenance of a “"catalog" of PARAMETER files for
various postures and situations, from which the most appropriate one can
be easily selected and modified for a particular situation. The CREATE
program serves in this regard by allowing a user to interactively assem-
ble new parameter files or modify existing ones. CREATE also performs
various data checks and identifies common parameter entry errors. This

section details the use of the CREATE program.

1. Entering CREATE

CREATE makes use of five files, as defined by the PROGRAM card:

TAPE4 = INPUT file (the user’s terminal)

17




TAPE5 = OQUTPUT file (the user”s terminal)
TAPE7 = CHOICES file (if new one 1s created)
TAPE8 = PARAMETER file (new or modified)
TAPE20 = PARAMETER file (existing)

The PROGRAM card automatically assigns the INPUT and OUTPUT files to the
appropriate tape units. If an existing PARAMETER file is to be ac-—
cessed, it must be assigned prior to executing CREATE. The job stream
to be 1input by the user looks like this (detailed examples are given
later, in Appendices D and E):

REQUEST,TAPE7 , *PF (pfn; is the PARAMETER file name
REQUEST,TAPES, *PF selected by the user from the
ATTACH,TAPE20,pfn, permanent file catalog within
ATTACH ,EXECRT the setname AFML group)

EXECRT

Now the user 1s at the entry level of CREATE. The first {ssue
addressed 18 creating the PARAMETER file, or modifying an existing
PARAMETER file. The computer”s first prompt

NEW FILE?

asks the user to ifdentify which option 13 desired. Answers are YES or

NO; any other response will cause the query to be repeated.

2. Modifying a PARAMETER File

If the answer 1is NO, the values stored on the file assigned to
TAPE20 are read. The user may list those values by responding to the

next prompt

LISTING DESIRED?

18




with YES. A NO response will skip over the listing option. Any other
response will cause repeat of the question. The listing produced can
either be long or short. The long listing provides parameter defini-
tion, mnemonic, units and current value, while the short listing prints
only values, grouped according to each element (see Table A-2, Appen-

dix A). Examples of each are given in Figures 7 and 8, respectively.

Response to the prompt:
(LO)NG OR (SH)ORT LISTING?

determines which listing to generate. A response other than LO or SH
will cause repeat of the question.

Values are now ready for change, as indicated by the message:

INPUT MNEMONIC (5 CHARS) AND VALUE FOR EACH CHANGE,
TO EXIT, TYPE XXX.

To change any desired parameter value, its mnemonic from the second
column of the definitions in Appendix A is input. Mnemonic must be left
Justified within a 5 character field followed by a comma, followed by
the new value. The mnemonic is then checked against the internal 1list

of permissible mnemonics; e.g., if ABDCE is not found, the message:
MNEMONIC ABCDE NOT PERMISSIBLE. PLEASE REINPUT.

appears and the user should try again. Likely errors include typos, and
forgetting to pad the 5 character field with trailing blanks.

Once a correct mnemonic 1is {dentified, 1its new value 18 compared
with the recommended range of values for that parameter. If the value

is not within that range, a warning message appears:

WARNING - RECOMMENDED RANGE FOR THIS PARAMETER IS
0.5 T0 3.5 GS

DO YOU WANT TO CHANGE THE VALUE?

19
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ST CREWMANY HANDS ON KNEES

FaRAMETER OEFITHTTTON MNEMONLC UNITS VALUE
XMR k.G 14.0000
SHION DAMPER BR N/M/S 315,000
l[ﬂN STIFFNESS XKE N/M 493450.,0
] e = OWER RODY GK1 N/M 119320,
FPTLT AnGlE THL. DEG 13,0000
PERTIOAL AalGEL . %] M/S2 ?.,80000
FOES XMT KG 18.0000 !
LNERT LA ZIT KGM2 +800000
hAME NG BTER NM/R/S 40.0000
ST FMESS XKTR NM/R F00.000
Ki. T FROM VERTLIOMN. THT DEG =~1%G+. Q000
Ty W IES PTY0T LENGTH XLT M « 150000
X TN THTN LEG ~3.00000
TONECKSTORSD FIVOT XLTN M « 300000
L THS LEG ~3.00000
SHOULDE R LENGTH XL.S M « 300000
XMN KG 1.24000
ZIN KGM2 ¢ 240000E-02
BNT NM/R/% « 100000
5 XIKNT NM/R S30.0000
Aanl THN DEG ~30.0000
NECE LR NGTH XL.N M + 124440
NELCK OG0 T0 NP o TORSD FIVOT XL.N1 M e H22200E-01
HEAT XMH KG 3.,10000
HIT T T.Tlﬁ 211 KGM2 +303000FE~
HENATNE uanlh BHN NM/R/S +126000
T XIKHN NM/R 15,0000
CH - 1.00000
'.'H ujl ™ DEG 6$0.0000
HlnP S 0 M an /e K FIVOT O LEN XLH M + 250000E~-01
LENE O STGHT ANGLE THV DEG - =30,000¢
UTEWING DTS TANCE VD M «4685300
LFFER ARM XM1 KG 1.37200
£l C AkM Z1 KGM2 +«120000E~01
Likk CoakeM A Ti IEG 13.0000
UFEEE nkiM LE ni M + 290G00
UPFER ARM G Rl M/ + 440000 |
LOWEFR Akt M XH“ KG 1.01700 1
fafem 0 72 KGM2 «152000E~-01 ‘
EL I[)w nNul E TE LEG 115.000
LOWER ARM LENGTH 02 M + 305000 1
LOWE R Vi G R2 M/M + 300000 )
BRTE TATEREACE ANGLE TIJ DEG Q.
GRTF TRTERFACE TIME CONSTANT TIF S +100000
GETE TMTERFOCE COMPLTANCE cr M/N 1.00000
(continued)
Figure 7 Example Long Format File Listing
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PARAME TERS FORS
SEATED CREWMAN - VIEWING DISTANCE = 9 CM

LOWER ROHOY
L4.000 315,00 49360,
TORSO
18,000 80000 40,000 H00,00
~1%.000 « L5000 =%, 0000 s 30000
NECK
1, 2400 S2A4000E-02 410000 5O .00
-30.000 12444 2 G2220E-G1
HEAD/DITSELAY VIEWING
3.10060 L30300E-01 L 12600 1. GO0
50000 L 25000E 01 ~30.000
ARM (UFFERy LOWER)
13720 S12000E-01 15,000 cEP000
LeGL7G L 1E200E-01 118,00 » JCEQO
GRIF INTERFACE
Q0. 10060 10000
S5TICK
4,0000 240,00 10000. 10000
PG . 000 $B50G0 +1000GE-D1
ARM REST
0. O (. Q.
NEURDMUSCULAR SYSETEM
O G0.000
SO0000FE-CL S P0900E~-01 L 8P000E-01
L0000 LBO000 14,000 D
1.0000 2.GO00 2.4300 40,000
560000 LPO900E-0L 0. 0.
30000 LA5000E~01 0, Q.
TMAGE FIXATION/VESTIRULO-0CULAR SERVD
TG (VN LAG000E-01L 30000
cEH70G0 + 10000 +10000E-01
100060 L12%00E~01  1.0000 » 65000

20000k

L1932 404 134,000 ?.8000

=G, 0Q00 e ZCOGG

L0000
01

+A4000

$SO0GD

2 (s

“

(1 S

(41N R TOINLALOTH]

(V"

16D

Figure 8 Example Short Format PARAMETER File Listing
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If a mistake has been made in typing the new value, a YES answer will
allow retyping of both the mnemonic and its corrected value. If, how-
ever, the value is correct, even if out of range, a NO answer will cause
the value to be stored as it stands. Any response other than YES or NO
will cause the warning message to be repeated.

The range of parameters given in Appendix A is as wide as can be
allowed for typical applications of BIODYN-80 (e.g., arm joint limits).
Values outside this range are used at the user”s risk, and precise pos-
tural angles for the given case should be carefully checked at this
point. (It 1is good practice to check your lengths and angles by drawing

a stick figure to scale, using the desired values.)

When all the desired changes have been made, an input of XXX causes
control to leave the modify mode. An opportunity to change the case

title is then presented as

TITLE IS STD CREWMAN, HANDS ON KNEES
CHANGE DESIRED?

A YES answer causes the message

NEW TITLE:

to appear and a new title (60 characters maximum) can be typed. A NO

response skips this section; other responses cause the prompt to repeat.

After all desired changes have been made, the user is once again
given the opportunity to list the file, using either the LOng or SHort
format, as described above. At this point the computer writes the new
values to the PARAMETER output file, TAPES.

3. Assembling a New PARAMETER File

If most of the parameters are new, then instead of modifying an
existing file the initial prompt

23
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NEW FILE?

is answered YES. Every parameter value must then be input. The message

INPUT VALUE FOR EACH MNEMONIC. FOR FURTHER EXPLANATION, TYPE?

initiates this process. For each parameter, the mnemonic is printed as,
for example, Viewing Distance, VD:

VD =

and the value 1s accepted 1in floating point format. If the user is
uncertain as to the range of appropriate values, an expanded prompt may
be requested by typing "?". The expanded prompt for VD is, for example:
VD = 7
VD VIEWING DISTANCE

RECOMMENDED RANGE = 0.5 TO 3.0 M
VD =

the user can then enter the desired value.

As each value is read, it 1is checked against the recommended range
of values, in order to weed out input errors due to wrong sign or incor-
rect decimal placement. TIf the value is not within range, the warning
megsage given previously appears. The user always has the option of

modifying or saving any value typed.

This process continues until all 26 parameters have been entered.

The case title i3 then added as a response to

INPUT TITLE FOR THIS CASE:

At this point, a LOng or SHort format listing may be generated as dis-
cussed above. The file 18 then written by the computer to the PARAMETER
file designated TAPES.

24




4. Assembling the CHOICES File

The next section of CREATE 1s used to assemble & new CHOICES file
which specifies the trangfer functions to be output. Note that there is
no provision for modifying an existing CHOICES file; any changes to an
existing CHOICES file must be made by creating an entirely new file.
The prompt

NEW CHOICES FILE?

has two responses: a NO allows the user to skip this entire sgection if
an existing CHOICES file will be used as input to BIODYN; a YES response
will cause prompting for the CHOICES file components as described below.
Any other response will cause the prompt to be repeated.

A YES response to the next prompt

BIODYN TFS DESIRED FOR PIVIB?

will automatically generate the ten transfer functions to be included in
the PIVIB input file. This 1is mandatory if interaction with PIVIB is
anticipated. The response and forcing function variables involved are
shown later, in Figure 12. A NO answer skips this section; other

answers cause repeat of the question.

All other desired transfer functions are entered by the user in re-

sponse to the following computer-gpecified format:

TRANSFER FUNCTION INPUT:
FIRST LINE ~ RESPONSE MNEMONIC, FORCING FUNCTION MNEMONIC

(AAA, AAA); ENTER XXX TO STOP
SECOND LINE - PLOTTING INFORMATION, 5 ITEMS:

BODE LOWER FREQ. LIMIT

BODE UPPER FREQ. LIMIT

BODE UPPER PHASE LIMIT (O. DEFAULTS TO 200.)

BODE LOWER PHASE LIMIT (0. DEFAULTS TO -400.)

LIST (1. TO LIST TABLE, O. FOR NO LIST)
IF NO PLOT DESIRED, ENTER O. FOR ALL ITEMS

25




Note that the parameters for each transfer function are entered on two
consecutive lines, each item separated by a comma, each line followed by
CR.

The mnemonics requested are three-character codes as defined 1in
Appendix B. The program checks each mnemonic against the 1list of

acceptable codes. If a match is not made, the error message
XYZ NOT PERMISSIBLE, PLEASE REINPUT.
is given and the entire first line must be retyped.

If Bode plots are desired, the frequency and phase limits must be
entered; 1f not, zeros are assumed. The frequency limits must bound a

frequeacy range of no more than 3 decades. If frequencies with an
unacceptable range are entered, the message

MAX FREQUENCY RANGE IS 3 DECADES
PLEASE REINPUT ENTIRE LINE

appears and, all five items for that transfer function must be re-~typed.
The phase limits are unbounded, but entering zeros will cause default to
+200.0 deg and -400.0 deg for the upper and lower limits, respectively.
If a tabular 1listing, including frequency, amplitude, and phase at 20
increments/decade intervals is desired, a 1.0 should be entered as the
fifth item; otherwise enter 0.0.

The CREATE program stops when an XXX 18 read in the CHOICES file
gection, The two files created must be saved as permanent files by
giving the following INTERCOM commands:

CATALOG,TAPE7 ,pfn, ,RP=10
CATALOG,TAPE8, pfn;,RP=10

where pfny, 1s a new (seven character) permanent file name assigned to
the CHOICES file and pfnj 1s a new (seven character) permanent file name
agsigned to the PARAMETER file. The user 1is now ready to exercise
BIODYN.

The user can interactively create a number of PARAMETER and CHOICES
files, each uniquely named for subsequent use in the BIODYN program. In
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most cases one same set of transfer function choices will be adequate

for a varlety of different parameter sets.

B. BIODYN

Because of memory size limitations presently imposed by the INTERCOM
operating system, BIODYN must be run in the hatch mode. A batch job can
be submitted through INTERCOM using the following command sequence

EDITOR

CREATE, S

ABC,CM150000,STCSA.

ATTACH,TAPE7,pfn,. User supplies desired
ATTACH,TAPES ,pfn,. file name for each pfn
REQUEST,TAPE19 ,*FF.

ATTACH,EXEBIO.

EXEBIO(TAPE4 ,0UTPUT ,TAPE7 ,TAPES,TAPE19,TAPE21).
CATALOG,TAPE19,pfn, ,RP=999.

*EOR

SAVE,GOBIO,NOSEQ

END

COMMAND = BATCH,GOBIO,INPUT,HERE

The first section of this batch request assigns the PARAMETER and
CHOICES files produced by CREATE to the tape units which BIODYN reads.
The BIODYN program is then retrieved and executed.

BIODYN first reads the PARAMETER file and uses it to set up the
equations in the form

Ax = Bu

where x 18 a vector of response variables (currently dimensioned 48) and
u 18 a vector of forcing function varfables (dimensioned 9). The de-
gired transfer functions (as listed in the CHOICES file) are then evalu-
ated, using Cramer”s rule and several advanced factorization algorithms
in order to obtain the first- and second-order poles and zeros. These
are all written to a file called TAPE19 (the TF file), as well as to the
line printer (via the OUTPUT file). The format used by the program for

27
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printing the transfer functions is shown in Figure 9, while the format
for storing these transfer functions on TAPE19 is given in Figure 10.
The TF file (TAPE19) 1is used by the PLOT program for generating the
quick~look Bode plots on the line printer. Thus, the last lines sup-
plied by the user in the batch job stream "rewind” this file and assign

it a permanent file name pfn,.
C. PLOY

The Bode plots, if desired, may be generated at the ugser”s terminal
or written to a local file for later examination, as the user wishes.

The user”s job stream looks like the following:

ATTACH,TAPE19 ,pfn,. pfn, is the file name of
ATTACH ,EXEPLT. the plot instructions
EXEPLT(OUTPUT ,TAPE19)

The output from this routine consists of four items. First, the
input file mnemonics are printed, so the user can identify which plots
are forthcoming. Then, for each tranefer function, three items are
printed. The transfer function dipoles (first and second order) which
have been cancelled are first, followed by the numerator and denominator
of the transfer function. Then, the Bode plot is "drawn." Finally, if
a listing was requested in the CHOICES file, it follows the Bode plot.
An annotated example is given in Figures lla, b, and c.

D. INTERFACE VITH PIVIB

Ten of the possible BIODYN-80 transfer functions can be uged as
input to PIVIB. These are listed in Figure 12, The input file
structure for PIVIB 1is quite lengthy and complex, involving over 200
parsmeters. An explanation of it is beyond the scope of this user”s
manual, and the interested reader is referred to Reference 7, the PIVIB
User”s Manual. A brief outline of the steps used to generate the PIVIB
input file is given below.
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Fach transter function is to be interpreted as

output xnso_l.. 'ﬂs?o?twa’wc
Transfer Function = Mﬁ.‘ﬁ_ (8) = { ( T‘z)} { ( = e ,}
B d) 70 )

where 7T denotes a product of first- or second-order roots, and X is the go-called "root locus gain" (of the high-

frequency asyxptote):

High Frequency Gain of Numerator
High Frequency Gain of Denominator

and the varfous first- and second-order poles and zeros are indicated below. The transfer function can also de

interpreted in Bode format, as:

Transfer FPunction = ( > 73

where X5y 1s the gain of the low-frequency asymptote (“Bode gain"):

Low Frequency Gain of Numerator
YoL Low Frequency Gain of Denominator

11-MAR-80 17306 Date, Time

CASE JHEADNECK» TORSO  ONLY Cage Identifier

TRANSFER FUNCTION COMPONENTS:

DENOMINATOR: High-frequency gain
gdenunim.tor) Kp
+10464E-12
( 46.334 ) ¢ 100.00 ) 530,63 ) Firat-order poles (1/T)
(i .4a23) s 8.3909 v 3.7123 » 7.5273 ))
(C 40607 s 10.483 v 4.4463 » 9.4835 ) Second-order poles
(( .13354 e 17,112 y 2,1996 v 16.970 )) oy -4
(¢ .97433F~01, 32.744 » 3.1912 » 32.590 ) (@t o Loy @V - ¢ 2
(¢ +11386 v 44,530 v 5.0704 v 44,241 » Re  1m
(¢ 073021 s 316.83 r 206,02 » 240,70 »
<12459E+412
Low-freq y gain (denominator)
e Numerator: output/input
NUMERATOR:  hHD/TIZF <High-freq. gain> numerator alone Ky,
-.83635F-11 ~-79,934 <<High-freq. gain>> for tranafer function
¢ L 006G . .. . K=
¢ 200650 )\ 00000 ) (46,384 ) ¢ 100,00 ) First-order zeros Ke/%p
¢ 534,57 )
(¢ 34231 v 8.3929 » 3.7123 v 7.5273 1)
(¢ 67357 s 17.729 v 11,942 v 13.104 )
((-.35674 v 35.400 v=12.631 v 33.075 )) Second-order teros
(¢ 27926 v 44,192 v 13,225 r 42,1664 ))
(¢ ,65024 v 3146.83 v 206.02 v 240.70 »)
- 11284417 ~.90%465 o — <<Low-freq. gain, transfer function>>
\ <low-freq. gain, numerator alone>

Figure 9 Format for BIODYN-80 Transfer Function Printouts
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Format

Comment

Case title (15A4)

D$$

NP1, NP2, Kp, 0., 0., 0., 0., O,
1/'1’pl

1/'1'p2

tp10 “pp
Sp2» “pp

XXX /XXX

Nzl, Nz2, K,, WI, WF, XU, XL, XP

1/‘1‘21

1/Tzp

Gz1, wz]

230 Y2y

XXX /XXX
where
NPl = No. first-order poles K
NP2 = No. second-order poles Wf
Kp = High~frequency denominator WF

gain Xv

NZ1 = No. first-order zeros XL
NZ2 = No. second-order zeros Xp

Figure 10, Format Used for BIODYN-80
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(Specifies denominator)
(214, Gl4.6, 5F7.1)

First-order poles (5X, Gl4.6)

Second-order poles ({1, w))
(5X, 2F14.6)

First transfer function
numperator

(214, Gl4.6, SF7.1)

First-order zeros (5X, Gl4.6)

Second-order zeros (g2, w2)
(5X, 2Gl14.6)

Second transfer fuunction

numerator

High-frequency numerator gain
Bode plot lower frequency limit
Bode plot upper frequency limit
Bode plot upper phase limit
Bode plot lower phase limit
Listing switch

TAPE19 File of Transfer Functions




KIODYN T.F. 05/20/80 15.13.57.,

SEATED CREWMAN ~ VIEWING DISTANCE = 9 CM Title

|G 3]

RHDVDOZF Dump of file .

BIODYN T.F.

RIODYN T.F. 05/20/80 15.13.57, Title
SEATED CREWMAN - VIEWING DISTANCE = 9 CM
RHO/DZF - First transfer
Iss ) function
FIRST-ORDER DIFOLES CANCELLED 3
46,384000
100.00000 Cancelled dipoles
SECOND-ORDER DIFOLES CANCELLED ¢ (only exact can-
. 44230900 » 8.3929300 cellation
. 50022000 s 50.002500
65024400 v 316.83100 *
NUMERATOR
— High frequency gain
-.81381
0. ) (G, ) € 10.955 ) (11,950 ) -
¢ 22,500 Y (167,75 ) (535,79 ) } First-order zeros
(C 23439 y 8,4%561 r 1.9144 v 8.2385 )
(¢ 78552 v 13,424 v 10,702 y B.4311 » i
(¢ 82761 y 20,272 v 16.777 y 11,375 ») Second-order zeros
((-.16669 y 21.851 y=3.6090 s 21,348 »)
(¢ 22759 v 47.017 v 10,700 y 45,783 )
UENOMINATORS
¢ 19,957 ) ¢ 11.983 ) (22,499 ) 107.81 )
‘531,02 y }- First-order poles
(. 20869 ,» 8.4682 v 1.9366 v 8.2437 )
€ ,4055 y 13.701 v 5.5558 y 12.524 »)
(( ,24026 y 16,682 r 4.0081 y 16,193 ))
(¢ .82362 y 20,305 v 16,723 y 11.514 » - Second-order poles
(( .94099F-01y 21.293 v 2.9509 r 31.153 )
(¢ 19289 r 46,973 v 9.0608 v 46091 ))
7o 13857E-00 - * Low frequency gain
LN
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1
31
. IR RGNS T ARG ¥ s oy Al e e e

A




LN TLF

DTAOYN
shailh

TuFs 05/20/80 15.13.57.
CREWMAN ~ VUTEWING DISTANCE = 9 CM - Title

RHL/DZF
nes Top scale

XAX : MAGNITUDE (DE) -— XX is

magnit
. ~20, -40., -50. -80. ~100., nitude

coCoOQoo

0x Phase
. l +360° phase shift for
o for points below —180°

o
X0 Values at ">" (in rad/sec)
and at --~ {in Hertz) are
X exact.

. . . .

16O, 0. =100,

~i00. -300. -400,
Bottom scale
000 = FHASE (DEG) - for 000 is

phase

b) Printer-Cenerated Frequency Response (Bode Plot)

Figure 11 (Continued)
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c)

ARSI LI YRS

Listing of frequency
(rad/sec), amplitude (dB)
and phase (deg) at 20
evenly-spaced increments/
decade. (This listing is
only generated if XL = 1.0
in the CHOICES file for this
transfer function)

Listing of Frequency Response Values

Figure 11

(Concluded)
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Note: ¥ denotes a typed blank space.

Qutput BIODYN TF PIVIB TF
Shoulder: BXS - Chl - Inertial horizontal shoulder deflection
(S) BXP Chlig Horizontal platform deflection
BXS - Chl | - Inertial horizontal shoulder deflection
BZP Ch2ig Vertical platform deflection
pz1 - Ch3 = Inertial vertical shoulder deflection
BXP Chllg Horizontal platform deflection
pz1 - Ch3| - Inertial vertical shoulder deflection
BZP CH2ig Vertical platform deflection
Head: DTH - Ch3 - Inertial head pitch
(H) BXP Chlly Horizontal platform deflection
DTH - Ch3 - Inertial head pitch
BZP Ch2iy Vertical platform deflection
DZH - Ch2 - Inertial vertical head deflection
BXP Chlly Horizontal platform deflection
DZH _  Ch2| - Inertial vertical head deflection i
BZP Ch2ly Vertical platform deflection
Stick BCh - Chl | - Longitudinal stick deflection
(c) DXP Chlic Horizontal platform deflection
B _  Chl - Longitudinal stick deflection
DZP Ch2ic Vertical platform deflection |
1
1
Assumptions: Of the 3 vibration inputs possible, 2 1

are X and Z. Assume X is Channel 1, Z is Channel 2
for the above table.

Figure 12 BIODYN-80 Transfer Functions Which May Be
Used as PIVIB Input
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1. Specify title for rum

2, BDMOD - enter the blodynamic response module

a.

b.

FREQS - specify all frequencies required for
biodynamic analysis

VIBR - specify vibration input/source transfer
functions

BIOTR - specify biodynamic transfer functions.
This 18 the 1interface between BIODYN-80 and

PIVIB.
BDOUT - specify biodynamic outputs for printing

BCOMP - given all information specified above,
compute and print blodynamic quantities

3. PVMOD - enter the pilot/vehicle module

a.

b.

Ce

d.

Specify various P/V parameters in state vector
form

VBINT -~ controls communication between BDMOD and
PVMOD

PCOMP - perform pilot/vehicle computations and
print results

FDREP - compute and print frequency domain mea-
sures, e.g., describing functions, remnants,
signal spectra

4, Repeat 2 and 3 for each case

5. END

E. FOR ASSISTANCE

New and inexperienced users should have an experienced INTERCOM or

batch user assist them throught the first application.

questions concerning this program or models,

For technical

please call or write:

Henry R. Jex at Systems Technology, Inc., 13766 S. Hawthorne Blvd.,
Hawthorne, CA 90250. Telephone Number (213) 679-2281.
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APPENDIX A
DEFINITION OF PARAMETERS, SYMBOLS, RANGES AND TYPICAL VALUES

1 PARAMETER AND SYMBOL DEFINITIONS, RANGES, AND TYPICAL VALLES
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L
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ﬁ e —
g| £
=2l B

£

RANGE
T

REASONALE

e ——

LOCATION
DEFINITION

e —

e —d

T IIIIIIIIIIIII

. X
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g 2
—_— . X
. [0 TN o )
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der length

pe — — ——, —— ——— —— — e, ]

centerst)

+"DTCAW' = STD crewman, hand on knees

-',
Measured (e.g., photo) or specified by situation

“Tabulated

(cont inued)

pilot, sti

, cadaver or anthropametric tables

, to traxsfer function data
imte (on basis of physical preperties)

Fitted
Tauesst

*Sources Legand:
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TAE 1. (Contirued)

| | | I |
[PARA- | FORTRAN| UNITS | LOCATION |  SOURCE* | RANGE [ |
IMTER | MM | [ DEFINITION | (Refs.) T MININM | WXIMM | SWPLT | STOORT |
I | | | I [ | | ]
| T | | ] 1 [ [ ]
I I | | ARMS (Upper, Lower) | I I [ | |
:Ml |l ™ || kg lIUppa' am mass | T,M1,2,3) | 1.0 'I 4.0 II 1.372 lI 1.372 'I
I
i |2 , kg.m? ,Uppa' am inertia , T(1,2,3) | 0.01 { 0.05 } 0.012 || 0.012 {
. 1 I
}61 'In '| deg I|Upper am angle | M,T(1,3,8) | -30.0 I| +90.0 I| 40. l| 15. l|
kg ID1 | m  |Upper am length IMT(1,38 ] 02 | 05 | 02 | 0. [
| I I [( =Lla+Lp) I [ I I | |
Ity | R [ mm  Upper am c.g. | T,6(1,2,3) | 0.2 | 06 | 0.4 | 0.44 |
| | | | (factional distance | | | | | i
| | - | | | | | | |
[ li i [ i i ! ! ) I
M [ X [k |Lower am mass | ,M1,2,3) | 0.5 |I 3.0 || 1.07 I 1.017 I
[ [ | | |
flp |2 | kg [Lower aminertia | T,(1,2,3) | 001 | 010 | 0.0152 = 0.0152 =
I | [ | | | |
}95 lITE I, deg }Em agle |, M,T(1,3,8) | 60.0 |l 170.0 5 145, |l115. |'
|
lpb 1@ | m |Lower am length IMT(1,3,8 ] 02 | 05 | 035 | 035 [
| | | I( = Le + Lg) I I [ | [ |
flg/lz IR |m/m [Lower am c.g. [7T,61,2,3)] 02 | 06 | 05 | 0.5 f
: : } Il(fra:tional distance) } } , |I II I
] | | | T T | | | |
| | | | GRIP_INTERFACE [ [ | | | |
:9,.] l| T I| g }Grip—'m_I ace angle IIM,G(3) ; -45.0 || +45.0 I| 0.0 || 0.0 {
By | TIF | s |6rip iteface tie |G,F(1,8) | 00 | 05 | 001 | 0.1 |
| I | |constant | | | | | |
Icf 1ad | wWN |Grip inteface con- | MG,F(1,8) | 0.0 10000 |  .0000658| 1.0 |
| | | [pliance Ki-1 | |  fixed | "“free" | | |

*Sources Legend: Measured (e.g., photo) or specified by situation
Tabulated, cadaver or anthroparetric tables
Fitted, to transfer function data
Tesstimate (on basis of physica) propert fes)




TALE 1. (Continued)

I | | I | | REASORRELE | |

| [ | | | | RANGE [TYPICAL VALUES (STD CASES)|

[PARA- | FORTRAN| UNITS | LOCATION | SORCE* ] T I [

ILI\ETER { NAVE I| l| CEFINITION l| (Refs.) { MINIMM I| MAXIMM l| STOPLT l| STDORW J|

| | I | | | I | I |
. | I [ I STIK I | | | [ |
. Mg | | kg [Stick/hand mass | MF(1,8) | 00 | 1.0 | 131 | 40 |
. [ | | |(referred to grip) | | | | | |
i- ,ss 'IS |IN/m/s ,Stid( daper l|M,I-'(1,8) : 0.0 I| 5.0 || 2. | 2400 I|

|

IIKS II XS I| N/m ,Stick gatient I| M(1,8) ; 0.01 IIzo,ooo.o Il 1300. ||1oouo.o I|

IGks | &S | - |Stick copliance para-| M(1) | 00| 1.0 | 10 | 1.0 |

! I | [meter (OKS=0 means | | “fhed"| “fixed" | | |

| | | [that XKS-ee | | | | | |

1S | X } N/g [Bobweidht sensitivity |l F,M,G(l,s)ll -5.0 { +10.0 II 00 | 00 ‘

| | Ito |

IS;, 12T | Ng IBobtzIQIt sensitivity | F,M,G(1,8)] -10.0 | +10.0 | 00 | 00 |

| | | [to N, | | | | | |

l I I I | | I | I |

| | 1 B 7 | | | | |

,ﬂc I| ™ || &g ||Stid( agle l| M(1) I| -20.0 I| +120.0 I| 90. I| 90. I|

ltle 1XC | m |Stick length (pivt | M(1) | 00| 20 | 061 | 055 |

| I I [to center of grip) | | ] | | |

IKee | XKSC | Units |Stick autput scale [ F,6(1,8) | 0.01 {20,000.0 | 1300.(Nm)| 0.1 |

| | | “m |factor (rescales stick| | I | | |

| | [ | displacement to “spec-| | | I I |

| [ | |ified" wits (e.q., | | | | I |

I Il | |deg, am, etc.) I I I | I I

I AW TEST
:Bm I| BR I| Nm/s Ilhm]_)mrpe- {nor- 'l MG&(1) 0.0 I| 1.0 I| 0.0; } 0.0; {
m

Kar | XAR | Nm  |Amrest stiffness | M,G(1) 0.0 |10,000.0 | o.o; | o.o;

| I | | (normal) | I | |

{Be | BAT | Nfm/s |Arm rest damper | G,M1) | 00 | 1500 | o.o; | o.o; |

| | I | (tangential) | | I I | |

ke | AT | /m  |Am rest stiffness | 6,M(1) | 0.0 110,000.0 | 0.0t | o.o;

| I I | (tangent ial) [ [ l [ v

Ler [XMER | m [Elbow to amrest | M(1) | 00| 05 | o.q [ o.q

I | | | distance | I | | |

Ay | AR | - [Fraction of am | 6(1) I 00 | 1.0 | oot | 0.0 |

L I |weicht on am rest | L I ] ¥

*Sources Legnd: Measured (e.g., photo) or specified by situation
Tabulated, cadaver or athroparetric tables
Fitted, to trasfer function data

Guesstimate (on basis of physical propert ies)




TALE 1. (Continued)

T | | T T I I T
|PARA- | FORTRAN| { LOCATION | SORCE* | REASONARLE | TYPICA VALLES (STD CAES) |
|METER J| NAME l| UNITS | DEFINITION JI (Refs.) | RANGE . |
| | STIPC STOCRW l
| ] | I | |

| | | |NEUROMUSQULAR SYSTEM: | | | | | |
| | [ | Actuation st | | | | | |
| I I I | | | | | |
M | M | - | Switch for central or| M j 0.0 | 1.0 | 0.0 | 0.0 |
| | | | force activation dy- | | am | head | | |
| | ! | namics O for am con-| ! ) ) J |
I | I | trol 1 for head/neck| | | | | |
| | | | control | | | ! ! |
1S | S | - | Owerall scale factor || F,6(1,8) | 0.0 : 20.0 | 1044 = 50.0 [
| | [ [ | | |
Kie | XIC | NN | Naromuscula actua- | F,6(1,8) | 0.0 | 1.0 | 0204 | @® |
[ | i | tion game | ] I | | |
Te | T | s | Newomuscular actua- | F,6(1,8) | 0.0 | 0.2 | 0809 | 0903 |
| | | | tion gare | i [ ] | I
leg | TS | s | Newonuscular actua- | F,G(1,8) | 0.0 | 0.3 | 0.089 | .09 |
| | | | tion lag l | | | | |
I ] ] | T IR [ T A I
Ka | XXM | NN | Gain of force activ- | F,6(1,8) | 0.0 | 10.0 | 1. I L |
| | | | ation dynamics | | ] | I |
1% | ZA | - | Daping in force | F,6(1,8 | 0.0 | 1.0 | 0.8 | 0.8 |
| | | | activation dynamics | | | | | |
lwa | WA | rad/s | Natural frequency in ] F,G(1,8) | 10.0 | 20.0 | 16. | 6. |
| | | | force activation | | } | } |
| I | | dynamics | | | | | |
fa | TR | s | Time delay in force | F,6(1,8) { 0.0 | 0.10] 0.0 | 0.0 [
| | [ | activation dynamics | - I I l
| [ f I 1 | | | | I

*Sources Legend: Measured (e.g., photo) or specified by situation
“Yabylated, cadaver or anthropometric tables
TFitted, to transfer function data
Tuesstimate (on basis of physical properties)




TAH_.IE 1. (Continued)
|

T T T I READNEE  TYPICAU VACUES (S0 CASES) |
| | | | | I RANGE
IPARA- | FORTRAN| UNITS | LOCATION | SORCEx [ MINTMM T WAXIMM | STOPLT | STICRH
INETER NV | [ CEFINITION _ | (Refs.) | | | |
o L I |
\ | | | |NBJROMJSQULAR SYSTEM: | | | | | |
L | | | | Actuation Elements: | | | | | |
: R R T ouli T VR SO B
' ,&4 |I M |I Nn/s II"HiIIs lav" danper {G,F(l,7,8)|| 0.0 |I 20.0 I' 1. || 1.0 =
kM | XXM | Nm |Spring in neroms- |G,F(1,7,8) 01 | 200 | 2. | 2. |
| [ | Jaular system | I I | I I
|Ba | B { Nm/s |Series elastic ele- |F(1,7,8) | 0.0 | 10.0 | 2.431 | 2.43 |
| | | jment danper | | | | | |
IKe | XKE | NMm |Series elastic ele- |G,F(1,7,8)] 0.1 | 100.0 | 40. | 40. ]
| | | |rent gradient | I I | |
l|Br I' BT || Nin/s :Teubn damper {G,F(1,7,8)= 0.0 ; 10.0 } 0. l 0. }
IKT ‘ XXT I| Nm |Tendom gradient IG,F(1,7,8)I 0.1 ‘ 300.0 : 80 II 80. ‘
|
| 1 I [ 1 ) | I | |
IKsp [ XK | Nm [Muscle spindle I&1,7,8 | 1.0 | 10.0 | 5 | 5. i
| | I irodel gain | I | I | |
|Tsp | TP | s IMuscle spindle Tead [G(1,7,8) | 0.02 | 0.15 | 11 |1/11. |
| | I [time constant | | | I |
|Tps | TS | s |Muscle spindle lag  [6(1,7,8) | 0.0 | 0.1 | 0.0 | 0.0 |
I ( I |time constant I I I | | I
Tes | TSS | s [Muscle spindle high |G(1,7,8) | 0.0 | 0.1 | 0.0 | 0.0 |
| | | |frequency lead time | ] | | | |
| [ | |constant 1y | | I I | |
| | | | | | | | | |
| 1 | | | | [ | ] |
IIQ; | XG | NN [Golgi tendon orgn  |G(1,7,8) | 0.1 | 1.0 | 0.5 | 0.5 |
| | | [mode1 gain I | I | | |
ITg | & | s [Golgi tendon orgean  |(1,7,8) | 0.02 | 0.1 | V8. [1/18. |
| | | |time constant | | | I I
T, | T [ s [Golgf tendonorgn (&1,7,8) | 0.0 | 01 [ 0.0 [ 0.0 I
| | | |time corstant I I | | | |
|Tp i )i |I S |Golgi tendon orgn  |G(1,7,8) = 0.0 l 0.1 || 0.0 ‘ 0.0 |
|

[lag time constant |

*Sources Legend: Measured (e.g., photo) or specified by situation
Tabulated, cadaver or anthropometric tables
Fitted, to transfer function data
Guesst imate (on basis of physical propert es)

4




TABLE 1. (Concluded)
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L]

(R T

TABLE 2. PARAMETER FILE STRUCTURE

(SHORT FORMAT)

A. lower Body
Mp Bg Kp Kps o1, G
B. Torso
My Brg Krg
Ly oTN  Lon 6 Lg
C. Neck
My Iy BNt KNt
oN Ly Iy
D. Head/Display Viewing
My Iy By KHn Cx
Oy Iy 8y Vp
E. Arms (Upper then lower)
My I 81 L Ly/Iy
Mo T ey o g/l
F. Grip Interface
ey  Bi/Kr Cr
G. 8Stick
Mg Bg Kg Cks Sx Sz
eC Lc KSC
43
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H. Arm Rest
Bar KR Bp Kp Lgr

I. Neuromuscular System

NM 84
Kie Tec Tes

Kq Ca Wy Ta

By Ky Be Ke Bp
Ksp Tsp Tps Tss

Kg Tg T, 8

J. Image Fixation/Vestibulo-Ocular Servo

Armg

KpE KRE Tv a Kp

KIE Kve T02

TrM Ty QE Ce we
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APPENDIX B
DEFINITION OF FORCING FUNCTION AND
RESPONSE VARIABLES

TABLE 3 INPUT (FORCING FUNCTION) VARIABLES

| | | | | | |
| MATRIX | INPUT | COLUMN | UNITS | POSITIVE | |
| COLUMN | VARIABLE | CODE* | | DIRECTION| DEFINITION AND USAGE |
| NUMBER |  NAME | | [ [ [
| | | | | I |
| | | | | | |
I | | | | | [
I ! | I I I |
| | I | | | |
] 1 | Ngzp | NP | g | Upward {Platform acceleration |
| I I | | | |
| 2 | Azp | D0ZP | m | Upward |Platform deflection |
I | | | | I |
| 3 | pr | NXP | g | Forward |Platform acceleration |
| | | | | |
| 4 | Axp | DXP | m | Forward |Platform deflection |
I | | | I |
| 5 I Fp I BFO | N ‘ Forward |Force input to stick |
| | |
| 6 | sz } BZP | m i Upward |Special Platform deflection+ |
[ | | |
i 7 | Bxp | BXP | m | Forward [Special Platform deflection+ |
| | | | | | |
| ] NMC | NMC | N | INeuromuscular command within |
I | I | I | CNS ,
| 9 | Tl | TTI | rad | [Test input into fixation error|
| | | | | |
| | | | | |

*Small "b" represents a typed-blank space.

Inertial shoulder (or head) motion
+These are used to get transfer functions of Platform motion
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TABLE 4 QUTPUT (RESPONSE) VARIABLES

p— — — — —p

CEFINITION AND USAGE
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represents a typed-blak space.

um 4) means small signal perturbation of ) given in fig. 3
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TABLE 4 (Continued)
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CEFINITION AND USAGE
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TABLE 4 (Concluded)

[ I | I { ! |
| MATRIX | RESPONSE| MATRIX | | POSITIVE | ]
| COLUMN | VARIABLE| COLUMN | UNITS | DIRECTION | DEFINITION AND USAGE |
| NUMBER | NAME | CODE* | | | |
L ] | | | | ]
! I | { [ | |
| | | | | | |
i [ | I | [ |
I 37 | Aci | ACl | rad | | Output of compensatory action in|
| | | | | | eye fixation loop |
{ 38 | Aer | AED ’ rad | : Output of "Pseudo Integrator" |
| | | [

: 39 | S| ™ '| rad | I| Command to Ocular Servo |
I | | |

} 40 : Ay ; bAV : r/s ; Head up ; Output of "Vestibular" Sensor |
|

I 41 | 6FH : TEH f rad | Up : Eye rotation relative to head |
{ | |

: 2 | b1 | ™ ; rad = ; Internal node in Ocular Servo |
| I |

: 43 | 61 | THI : rad | Up ; Fixation error |
| | | |

| 44 | RED | RED | m | Eye up rel.| Relative eyem point of regard at|
| | | | | to display | display |
| 45 | érc | TIC | rad | | Output of “Image Pursuit" opera-|
| [ | | I | tion |
| 46 | It | BT | m | Up | Display inertial displacement |
| I | | | | (vertical) |
] 47 | ¢ | THE : rad | Up : Inertial eye rotation |
I I | | I
| 48 | Oxp | DXH ] m | Forward | Horizontal component of head |
| | | | | | motion relative to platform |
| | | I I | |

*Note: Small "E" represents a typed-blank space.
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APPENDIX C
EQUATIONS OF MOTION

if CKS # 0
———

(sin 6,)c = xg — L (cose, )08, + Lo(singg)le, — Ly(cosery) = = BXp

1f Cgg # O 1 cg, = 0

Ve ~

{—(Mss2 + Bgs + Kg) - %05 - Mg(cosec)zse} c/Kge ~ ¢

+ (sing,)lca + (cosec)I.qy - Mg(cosec)(sineIJ)seLI
~ MpLg(cose,) (coseg)s™0g + (cosee) (Bags + Kag)(4r,)
+ (cose,)(Bps + Kp)(Ary)

= = (/g +M cosec)&zp = 5¢/8 8y — Fy

1f Cxg # O
, (cos‘e—;s ~
Az.‘ + L1(Sin61 )A91 + IQ(COSGa)Aea, + LI(SiDGIJ) + o c=0

{ I1s2 + (LgMyg + LyMpg — L Fay,)cose, }Ae1 - I-b(sine1)f1y

+ Lb(cose1)f1x + Lg(cose, )fy g + La(sine)fyg — SilgFy = O

NOTE: Fay, = Armg (M + Mp)g ; 6a = 90 + 61 ~ 6F;
a8, = ghzy + 82(0e, + Bzp) ; o, = Bprt"'sz(AxP"'BxP)
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{(I2 + MQI,,icoSQQ&)s2 + (FavO ~ Mpg)Lgsineg, }Aea - I.e(sine,,,)iﬁx
- L.e(cosea)f1y - Ld(Sinea)fca
-~ (Le — Lgg + Lucoszea_)(BARs + KAR)Arn

- (Lgsinegcosey) (Bys + Kp)lry

if C&i 0
+ IﬁMg(cosea)(cosec)}’c + Id(cosea)Mz(SineIJ)SzLI = Ld(COBGa)Mgazp
KSC
2
f‘y + £,5 =~ Mysle, ~ M1Lﬂ(sine1)seﬂe.l = Mg,

CI(coseIJ)fca + {CI(sineIJ)aMQs2 + By/Kp + 1} Lt

+ Ccy(sinery) (cosea)MQLds2ﬂea

1fc§17lo

- \
+ CI(sineIJ)(cosec)M282c - CI(sineIJ)f1y

Kse

+ CI(BLIA(_‘LT) [- (BFS + KF)(Sinea)ATt]
= CI(SinGIJ)Meazp
+ Cr(sinegy) [~ (Bags + Kyp)(coseg)lwy]

if CKs 3‘ 0]

M
-Mg(sinec)ﬂzc + Mg(cosem)sr"‘)l..I - {(MQLdsinea)se + Favo}bea
Kac

+ f-,x - fca - (Bps + Kp)(cosey)lr, + (Bars + Kpp)(singg)lry, = Mgaxp
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Y

11

12

13

1L

15

16

17

fns = £1, — M s%xg — M La(c0881)82A61 L

fys ¥ fyn — Toy + M’I‘(COSOL) sa'xbp - MI'IT(sineT)szABT = = Ml'azp

xg + (sinep)u,y + (Lpcosep + Lgcoseg)OT = B

[1ps2 + (Bpg + Byy)s + Kpp + Kyp — Wg)] A8p ~ (Byps + Kyp)dey

— (Lgcoseg)f,  — Lyy(cosepy)fyy — Ls(sineg)fys
— Lry(sinépy)fyy + Lp(coser)fiy
— Lp(sinép)fpy + SilgFy = O

Wg = Lpcosep[(My + My + Mp + My + Mp)g — Fayg]

+ Lscoses[(M-| + Me)g - FavO] + ITNCOSG_['N(MH + MN)B

fon + My(siney)s?uy, + My(Lpcoser + Lyycosery)s2Aey
+ MHIN(coseN)serN + MHIH(coseﬁ)seAeH = MHa.xp

ifWM#0
2 R
[(Igs® + Brns — MygLHCOSOH)Cy + Kyyldey + Fy

~(BuNCyS + Kyy)A6N ~ Cyly(siney)fy — Cyly(cosey)fyn

£ ~ M(coser)s2up + My(Lysiney + Lyysinery)s2sey

+ MHLN(sineN)SQAeN + MHIH(sineH)SEAeH = MHa.,p
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18

19

21

23

2k

(coseL)f\,y + (Bps + KB)“ﬁp + (sineL)fbx + MBszu-Dp = MB(sineL)axp

- MB(coseL)azp
fox *+ fnN + fns — MpLp(cosep)s@aep ~ Mr(sineL)82ub, = = Mpax, i
(BBs + Kp + 1) usp—pp = O
Kps

(cosér)upp — (Lysinep + LgSiney)A8y — A&z = o — B,
P

[Iys? + Byys + Knr — (Mygly + Mygly, )cosoy Jaoy
~ IN1(sineN)fVN = Iy (cosey)fyy — [(Ly = Lyp)siney + Lysiney]l £y,

— [Lyeosey + (Ly = Lyy)coseylfyy + [Iys® - Mpglycoseylley

- (BNTS + KNT)ABT = 0

faN = fon + MN(sineL)seubp + My(Lpcosep + Imcoserm)seAar

+ My(Ly,cosey)s?00y = Mya,

fyn — fvh — My(coser,)s?u,  + My(Lpsinep + Lyys ineyy)s2Aep

+ My(In;siney)s20ey = MN"'zp
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10

22

27

28

29

30

31

NEUROMUSCULAR MODEL EQUATIONS

Fy + (Bps + Kp)La(De,) = (Bps + Kp)xy = O

Py + (BeS + Ko )¥m — (BeS

Py — (BMs + Ky)La(ler) +

+Ke)X1 = 0

(Bus + Km)xq + Fo = O
if WM = O

if MM =0
e

- .
(Tpss + 1)(Ag + Ag = Ac) — Ksp(Tgps + 1)(Tsss + 1)xgp

(tg8 + 2)Fy + Kg(Tgs = 2)Fgy = O
28a 2
1+_(_L)_a—s+u—‘§ F&B.-F&B. = 0
This set to 1.0
if (L)a = 0
ifNM=0
AL

N

-
(Tps + 1)Ag + Kg(Tgs + 1)(Tzs + 1)y = O

(togs + (Tees + 1)A; + Kyo(tesS —2)Ag = O
53
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A d

(_ﬂl cos’ 5" ) c - singcfea + (MpLycoseacosg s?)le, — cosoclyy
sc

+ (Mpsinepgcose,sT )Ly = (Bypcose,cose, s + Kypcos0,c086, )Ty
- (Bpsinogeose, s + Kpsinegcose,)Ary + Ag
= Mecosecazp + NMC

M = 1

Ag + RHD/VD = NMC

33
xgp * Loy = Xg = O
26 [LTSin(OT - Uv) + I.TNSin(GTN - GV)]AGT - VDAGH - COS(GL - Gv)ubp
+ Lysin(oy ~ oy)dy + RHD = szcosev - Bxpsinev
L
? if Ckg # O
———
¢ cos(8, = 0a)
Al‘n + ————KS————- + (Lg - I"ER)AGS + LISin(Ga - eIJ) = 0
Cc
% if Cyg £0
sin(ges — © )
Ory - ¢ -—l——(—l-c(;—a— + LIcos(ea - eIJ) = 0
54
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|
36 Ozy + (Lpsinep + Lyysineqy)ler
- (cose]:‘)u.bp + (Iysiney)leN = BZP
; 31 (2 + 'v:vs)Ac1 + (rvs - 2)(KREs + Kpg)ey = O
. 38 (S+@)AEI+AC1 + Kgphy = O
9 OMc — 8¢ = AEI + KVEAV = 0
4o
(Tcas + 1)Ay—sbey = O
o =0 {om—oy = O
ge 32
= —< = - = 0
w0 D
b2 (1 +TFMS)9M1 - (1 + TLMS)BMC = 0
h RED
? o1 ——VB- = 671
i

[Lysin(eq — ey) + Lyysin(ery — ey)ldep — Vphey

—uppeos(er, ~ ey) + boyIysin(ey — 6y) — Vpogy + RED

= szcosev -~ Bxpsinev
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45 Kp
GTC"VBZD =0
16 )
2, = Azp
- v O = foy — Oy = 0O
48

Qo + (sinep)w,y + (Lycosep + Lyycosery)lor + Iy(cosey)ley = Py
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APPENDIX D

TYMSHARE EXAMPLE PROBLEM

This appendix documents the use of CREATE, BIODYN and PLOT on the
Tymshare System 31 PDP 10.* The coamputer dialog appears on the next
several pages for a typical session. An existing PARAMETER file 1is
mrdified, a CHOICES file 1s created, BIODYN generates the requested
transfer functions (only one of which is fllustrated), and PLOT produces
a quick-look Bode plot. Throughout the dialog, all user inputs/ respon-
ses are underlined. The following 6 character filenames are accessed in
the course of this example (these are not the Standard Pilot and Stan-

dard Crewman which are available on Tymshare):

File Name Title
Existing PARAMETER file: BB19 "Stiff Stick"
Modified PARAMETER fille: SEMI "Semi-Supine”
CHOICES file: CHOSAR
TF fille: TAPE19

There are several differences between the CDC version of the BIODYN-

80 package and its Tymshare counterpart. These are listed below:

® All three programs run interactively on Tymshare; all
files are specified by the user during execution.

® CHOICES filename can be an existing file, whose name
is to be modified. (In CDC, the CHOICES filename

must be a new name.)

*A user planning to use BIODYN-80 on Tymshare should be familiar
with the Tymshare manual, XEXEC, especially Section 3. At present,
BIODYN-80 1s not a current Tymshare Library Program, and a potential
user should contact the second author for the required procedures.
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Because of the above differences, there are slight
changes in the dialog for the Tymshare version (e.g.,
the NEW PARAMETER FILE? query is not used, since the
PDP-10 goftware can determine internally whether or
not a new filename has been input).
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[ QR

D.1 Running CREATE

(X CEEATE

LUADING
TXECHTION _

S—

Execute CREATE

Interactive input of

THFUT PARAMETER FILENAME : - PARAMETER file to be
£
K2 modified
LISTING DESIRED®
hr w
(LDONG OF SHYORT LISTING?
&t
FARAMETERS FOR:
3TIFF  SFICK
LOWFR EODY
11.000 1250.1 71519, 13.000 $.8000
TORSO
18,000 0.80000 500,00
10,300 0.15¢00 0,30000 %.0000 0.30000
NECH
0.02900 2,00000 0.25000 50,000
120,509 0.18000 0.590006 01
HEADDISFLAY VIEWING
4,3400 0.39000F -1 0.,00000 L0000 5.0N000 Generate short listing
70,000 0.02600 -30. 000 3475000 .
ARM (UFUERy LUWER) of file to modify
1.3720 N, 12990E 01 46,000 0.29000 O 11000
1,010 OLIDO00E D1 145,00 0.30500 0.39000
GRIF INTERFACE
0.6000" DL 1COCOE <01 0.LG781E -0
STICK
2411900 2.930% 13790, 1,0000 0.,00000 0.00000
99,600 6. L1000 13900,
ARM RTST
OLH6H00 0.73009 9,00¢00 0.00000 0,00000 0.00000
FEURGRETTUL AR 15 TEM
N 74,40
G294 201 +1.9N707E-01 0,B9GRBE-01
10900 000 4.000 2,00000
1.6039 TL000 SLaxy 40,000 0.00000 80.000
546300 9.4 0900F ~61 D,00000 0.00000
N G000 GLOG555E-01 0,00000 UL 00000
IMAGE  TXATTON/VESTIENL O -(h U ok SERVY
7,005 0.70600 DL ALGONE-01 Y, 30000 DL OG000
2, A7000 0.10900 0, 17900E Ol )
94130 DOITLO0E SCL 1, w000 CL6TAN0 14,03
FHRANGES DEUTRFD
e
[HEIT MpPEMONIC S5 CHASS) AND VAL LT FOK FACH CHANGE »
e T Z41Ts TYFF XXX, Make changes to file
T ).
Tl _ril0.
wfl

(continued on next page)
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D.1 (Continued)

AL O U T

k-

TYIE 3
S ML g bdE
CAT M DFSIRED \
£
CLOTHL D CIHUNT L EISTING?
-

(N L BRI Sn LN

[ IS IR N ST

1200 e, EITALR [RSRPE RS
D 00,50
) 430000 RRTTE DLt
SPRRLEN ERVVE S 000
OO 00 01
VLE
0. 18] 1.2000 CLL0000

G Grng
ST

0.70000

02 ©. 000 e 29000
N LVL00 030700

S RS PRI 15 3 S VR )

LoonD 11500, 1.0000 3.00000 RPRITNTA
g HERTITON
G o TLLROG0 e D0H00 0L 00600 300006
MU

10

N ORS00 L EYHESEL 01
C AR 1é s 00N V.G0000 '

v BEC RSN 4G, 000 050000 B0 O
CLEGILGE ~OL L G900 0.,00000
LU AL =G 0000 ¢.00000
SOl Dz el nCULAR SERVO
S Gy 008 01 0.30000 QL. 00000
fwbire INGOBE -0
v PER B DR 1.C0N0 Ve HEO00 a3 /

FioooamMf 0k FamaMe TER FILE %

(Continued on next page)

60

Modify title for
PARAMETER file

Short listing of
modified file

Interactive input

of filename on which
to store modified
PARAMETER file
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D.1 (Concluded)

INFUT CHOICES FILENAME @

RIODYN TFS DESIRED FDR FIVIE ? l

No

TRANSFER FUNCTION iN

FIRST L INE-RESFONSE MNEMONIC»

(AAAYARA)

LIST 1.

IF 0 FLOT DESIREDY ENTER Q. FOR ALL ITEMS

LoNZE
1,0100.,0,70,-0,
P4 Y]

1,5100.+0.70,.90,
ST

1,9100,90,90.91.,
XXX

# ENTER

PUT ¢

Interactive input of

\
—

CHOICES filename

s

XXX TQ STOF

SECOND LINE-FLOTTING INFORMATIONs % ITEMS
HONE LOWER FREQ.
EQODE UFPER FREQ. LIMIT
RODE UFFPER FHASE | [MIT (0. DEFAULTS TO 200,)
EODE LOWER FHASE LIMIT (0. DEFAULTS TO

TO LIST TABLE» 0. FOR NO LIST)

LIMIT

-400.)

No PIVIB TF's desired

FORCING FUNCTION MNEMONIC

Format for CHOICES file
information input

Input CHOICES file

|
i

information

EXIT -
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e

D.2 Running BIODYN

-E XE BONBOsNIRFN

Lo 4
EXFUUTION

ENTER INFUT FILE NAME:

ENTER CHOICES FILE NAMES

SEMI

CHOSAR

11 -Mar-80 11153

THSE GEMI -SUF INE

CHTER SYSTEM OUTFUTS

MFW FILE

FILE NAME™  TAME20

}———————————— Interactive input of

Execute BIODYN

Interactive input of
PARAMETER and CHOICES
files

BIODYN execution

Case title

TF file

F* UATING UNDERFL OW FE-111744
FLOATING UNDERFLOW FC111244
DENOMINATOR:
L10444E-24
¢ 16.591 Y ¢ 44.384 ) 56.079 Y 97,512
¢ 100.00 ) ¢ 285.86 ) (353,22 )
(¢ 94231 y B.3929 y 3.7123 y 7.5273 ))
(€ .25697 v 11,309 v 2,9080 y 10.929 )
€ 20726 v 13,642 » 2,8274 y 13,348 »
(C 19865 v 24,860 v 4.9386 y 24,365 )
€ .32015 v 32,898 » 10.532 y 31187 »
(C 85789 » 32,931 v 28.251 » 16.921 )
(¢ .15448 y §7.485 y 11,219 y 56.583 »
€0 65074 » 316.83 » 206.02 y 240.7 »
. 18027E+11°
Printout of DTH/DZP
NUMERATOKR:  DTH/DZF > transfer function
L 29296E- 27 .28049 o
¢ 30000 y ¢ .00000 Y (-10.621 Y 14.5%0 )
¢ 46,184 ) (97,067 ) € 100,00 Y (138,57 )
¢ 209,05 ) s i £
(¢ .44231 v 8.3929  » 3.7123 v 2.5273 » (See Figure 9 for
21687 v 11.488 v 2,493 , 11,014 ) explanation of
(¢ 99904 s 160417 v 164084 y 203916 i
(¢ .85130 v 33.163 ) 28,232 5 17,100 ) format )
(0 .20646 + » SL.410 v 11,440 y uA20e »
(0 .65024 v 116,83 » 206,02 y 240,70 )
NERZYE) . 46,66 s 325.41 ) Q4,801 »
L47996F b0 . 37719€ 02
TRU =123,31 11-#;r-80  11:%8 J
EXEY Exit BIODYN
i
]
i
‘
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PRowS 4 s

D.3 Running PLOT

Exp COFLOT,CoiubeCEODTFE
LoOANTNG
FarrurioN

EMTFR TRFN SYSTEM FILE NAMEZ TAFERQD

e TMF 11-Mar-80 11353

SrMT - SUF THE

1'¢+3

U ONZF
21/D2ZF
DYH/DZF

TARE 20

4. THF 11 -Mar-80 11353

MU MY

LurH/nzZe
hs
FIgT NRUER DTTES CANCELLED ¢
140 8000
100.,09909

SECOND-ORDER DIFOLLS CANUELLED :
L 14.000900 » 2.3909 100
L 45023300 . 314.83100
NUMERATONZ

e 2099

RCIvIN ) v 200000 ) (-10.621
V7.0a7 ’ «-138.37 ) { "0?.05
(e, 21437 . 11,488 ¢ 2.4708 ’
{0 raves v LA03L7 r 16,536 ’
[N BTN I (0] s 3.1 y 28,230 ’
[ v 5L AL0 e 11,910 ’
[N NSy, v 335,56 r A0 v’
Of NOMINATORS

: L 05.0/9 b [ B

y
. 1307 v 249040 ’
N v 13,442 y 2.8374 v
Lo PR PRiT-YV] r 4.93584 ’
[ W) y 12,098 ¢ 10,032 ’
(4 W HLaY v 320731 y 29,20 v
(RO T L o 70480 y 11,210 ’

LSRR 00

10,929
13,3456
04,3465
31.147
14,921
56,483

4

%_____.____
%___________.

16,570 )

»
»
»)
))

S

(Continued on next page)
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Execute PLOT

Interactive entry
of TF file

Case title

Dump of TF file
contents

PLOT execution

Transfer function DTH/DZP

Identical roots in numera-
tor and denominator are
cancelled; close pairs are
retained

Transfer function to
be plotted (see

Figure 11 for explana-
tion of format)




| D.3 (Continued)

TAFE2O
M. THF 11-Mar-80 11353
GEMI SUFINE
DTH/7DZF
oss

AXX = MAGNITUDE (DR)

L a0, 20. 0. -20.
HZ R/S . . . . . .
100, X
X
X
71, X
' 10, --~-- X
X
50.: X
X
;- 40, X
X
S.-—~-- X
28, X
X 0
X 0
: 20, X 0
X 0
X 0
| 14, x 0
| 2, -—mm- o x
0 X
10, ] X
) X
\ X
; 7.1 o‘q X
| 1e===~—- 1] X
0 X
! 5.0 0 x
i 0 X
) 4.0 0 x
| [s}
) 0,5-~~-- 0
‘ 2.8. o
! 0
' 0
2.0 a

o

ry
|
[
b
[y
'

o
oac

. . .

200, 100. 0. -100.

[S1es]

l— Bode plot of DTH/DZP
‘—" XXX is the magnitude

-40, -60. g0 ) curve
I
o]
0
3]
%]
8]
0
o
0
o
0
Frequencies which are
denoted as hertz (HZ)
or radians/second
(R/s) are exact at
and
>
respectively
X
X
X
X
X
X
X
X
X
?()\:). ) -3()&‘.‘. ’ 400: /

000 is the phase

J 5 3
FPHASE (DLGY curve

(Continued on next page)
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D.53 (Concluded)

TAFE O
M. TME 11 -Mar-R0
SEML-SURTNE
BTH/DZF
Des

K/S DE [EG
1.00 -48. 34 175.9
1.12 -a6.31 17%.4
s -44.27 174,9
1.41 -42.21 174.3
1.0.8 -40.15 173.5
1.8 -38.07 172.8
2.00 -35.96 171.9
2.24 -73.83 170.8
2. -31.47 169.7
>.en -29.46 168.4
T8 -27.20 167.0
3.55 -na,88 165.3
1.98 -02.48 163.4
4.47 -19.97 161.2
5.01 ~17.34 158.46
T.62 -14.%56 155.5
5.31 -11.58 151.7
7.08 -9.18 147.,1
7.94 -4,91 t41.1
3.91 “1.47 133.2
10.00 .85 122,9
11.22 7.30 110.0
12.739 12.34 89.2
14.13 16.4S 5644
i5.u5 19.74Y 24.4
17,72 20,72 “1.7
19,75 23.31 27,3
039 26,34 -50.1
KRR 22.34 -104.6
23,18 27,922 -150.8
3i.42 2&5.04 -189.7
15,49 23,40 -221.9
9,3l 0.8 -246.8
LY I 17,12 -244.,3
DU 14,493 -07%5.8
6.3 12,450  -285.8
, 15,82 -099,4
.7 -311.4

5.37 -320.3
1.4%0 -307.3

20 -333.2

11:53

Listing of frequency (rad/sec),
amplitude (dB) and phase (deg)
at 20 evenly-spaced increments
per decade for DTH/MZP

(This listing is only generated

if XL = 1.0 in the CHOICES file
for this transfer function)

Exit PLOT
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APPENDIX E

INTERCOM EXAMPLE PROBLEM

This appendix presents a typical terminal session in the Intercom
4,7 operating system, accessing the CSA mainframe at Wright-Patterson
AFB“s ASD Computer Center. The dialog is annotated so that a typlcal
user will easily understand the basic sequences of parameter entry and
Job steps. All user responses are underlined; each is terminated by a

carriage return.

This particular session was an exercise using a 9 cm viewing dis-
tance and the standard crewman (STDCRW) parameter set. It was one of a
series of runs which attempted to determine optimal display distance for
minimizing image motion of a vertically vibrating crewman. The example
is carried far enough for the potential user to see how the programs

interface with INTERCOM Jjob control and file management commands.
The steps followed in the investigation are listed below:
1) Log in to Intercom.

2) Attach the PARAMETER file to be modified and name
it TAPE20.

3) Attach the CREATE program, called EXECRT.

4) Run EXECRT, make changes to existing file, assem—
ble new CHOICES file.

5) Assemble batch job to run BIODYN and PLOT, using
the two PARAMETER file (0ld and modified) and the
new CHOICES file.

6) Submit batch job to input queue.

7) When job completed, list the output file.

The user is advised to retain in his permanent files only those which he
wishes to use in the future, and to frequently purge his directory of
unneeded parameter and output files in order to forestall job fallures

resulting from file space overload.
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Typical INTERCOM Terminal Session

user responses underlined

ASD COMFUTER CENTER INTERCOM %.0
SYSTEM CSA
*DATE 05/20/80 TIME 14.464.39,

FLEASE LOGIN
ENTER 3-DIGTT TFRMLNAL Uli- 1. Log in to INTERCOM

05/20/80 LOGGED IN Al 14.46.52,
- WITH USER~1LD Ok
FQUIF/ FOKT 127001 )

COMMAND- REQUEST» TAFE7 » XFF

COMMANDI- REQUEST» TAFEB XFF 2. Attach files to I/O units
COMMANDI- ATTACH» TAFE20 s STOCHW

FF CYCLE NO. = 001

COMMAND- ATTACHYEXECRT

FEN IS 3, Attach EXECRT(CREATE) program file

EXECRT
FF CYCLE NO. - 001

COMMAND- EXECRT :.__,u, Execute EXECRT program module
NEW FILE 7 jomm— 5. Select existing data file ( STDCRW)

; NO
ve LISTING nESIRhn?},6. List data file
== (LOYNG CR <mnnﬁrlmsrruav; ~ T Progiam rejects unrecognizable
LI inp
T, (LOIWG OR (SHIORT LIBTINGY b 8. Long listing option selected
T NEW CHOICES FILE ? !_____._ 9. Affirmative on CHOICES option
YE
T EKIAQUYN TF5 DESIRED FOR FIVIE ?
N }——-—-10. Negative on PIVIB option
TRANSFER FUNCTION INFUT ¢
FIRST LINE-RESFONSE MNEMONICy FORCING FUNCTION MNEMONTC
(ARAPAAAN) 3 ERTER XXX T0 STOF
SECOND LINE-FLOTTING INFORMATIUN, 5 ITIMS ¢
RODE LUWER FIKEQ. LIMIT
RODE UFFER FREQ. LIMIT
EODE UFFER FHASE LIMIT <0, DEFAULTS TO 200,)
BODE |OWER FHASE LIMIT (0. DEFAULTS 10 -400.)
LIST (1. TO LIST TARLE, O, FOR NO LIST)
IF NG #1.0T TESIRED, ENTER O, FOF ALL [TEMS
RHF s DZF
T RAF NOT FERMISSTRLEs FLEASE mw~rur}-11. Illegal parameter selected
RHD DZE ! 12. Program screens for out-of-limit

212000,90.20.91, 14
MAX FREGENCY FANGE I8 5 DFECADE®S
FLEASE 7 INFUT FNTIRF L TNE

XN IR TR
o7 13. Finally, valid input
jﬁb"rﬂh Exit from CREATE 3 nal Y, pU

5TOF
SIS0 CF BENONDS FEXFOUTTION 11Nk

values

Session continues with batch run
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Sample INTERCOM Batch run

COMMAND- EDITOR b= 1. Invoke INTERCOM editor
+«+CREATE,S

ENTER LINES i

SAR»Ci4150000+ 37CSA.  LBO0OLS,RIEDELy (213)679~2281

ATTACHs TAFEZ s CHOICEL .

ATTACH, TAFESV IEWD,

“;‘2,*'%¥Efi%L 2. Create batch
2 i o

EXERIOC TAFE4sOUTFUT s TAFEZ» TAFER ) TAFELS » TAPESL) o Job stream

REWIND, TRFELD.

EXEFLT{QUTFUT, TAFE19),

ARQE

YO

««SAVE»GOF ILE »NOSEQ

+«STORE,GOFILE,LBC001S 3. Preserve file containing

CT ID= L80001H FFN=GOF ILE Job stream

CT CY= 001 00000128 WORLS,:

COIMAND-  EATCH»GOF ILE s INFUT yHERE — k. Batch job stream to
input queue

COMMANL—~ FILES

--LOCAL FILES--
AEXECRT AGOFILE $INFUT sOuTFUT *TAFE?

ATHFED LTOREDQ

~-REAOTE EXECUTiilG JORS--
SARCKO2

LOMMeND—

TASK *A..TEL® TERMINATED

TASK EXIT WITH QUTSTANDING 10
T 106644 ' 5. Job terminated by system
F5=170000 crash

RG-:0G3770

Note: Output files generated by BIODYN, wnen listed,
are identical in format to printouts shown in

Appendix D.
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10.

11.

12.

Jex, H. R., and R. E. Magdaleno, Modeling Biodynamic Effects of
Vibration, Fifth Year; Final Scientific Report, Systems Tech-
nology, Inc., SR-1037-1, Aug. 1979.

Jex, H. R., and R. E. Magdaleno, "Progress in Measuring and Model-
ing the Effects of Low Frequency Vibration on Performance,”
Models and Analogues for the Evaluation of Human Biodynamic
Response, Performance and Protection, AGARD CP-253, June 1979,
pp. A29-1 through A29-11.

Jex, H. R., and R. E. Magdaleno, "Biomechanical Models for Vibra-
tion Feedthrough to Hands and Head for a Semisupine Pilot,”
Aviation, Space and Environmental Med., Vol. 49, No. 1, Jan.
1978, pp. 304-316.

Magdaleno, R. E., and H. R. Jex, User’s Guide to BIODYN-~78, An
Interactive Computer Program for Modeling Blodynamic Feed-
through to a Pilot’s Hands and Head, Systems Technology, Inc.,
TR-1037-2, July 1979.

Jex, H. R., and R. W. Allen, "Evaluating Blodynamic Interference
with Operational Crews,” Vibration and Combined Stresses in
Advanced Systems, AGARD CP-145, Mar. 1975, pp. B24-1 through
B24-18.

Jex, H. R., and R. E. Magdaleno, Modeling Biodynamic Effects of
Vibration; Fourth Year Interim Scientific Report, Systems Tech-
nology, Inc., ISR-1037-4, Sept. 1978.

Berliner, Jerfrey E., and William H. Levison, PIVIB: A Computer
Program for Analysis of Pilot Biodynamic and Tracking Response

to Vibration, Bolt, Beranek and Newman, Rept. 3457, Dec. 1976.

ASD Computer Center CDC NOS/BE User s Guide, Rev. E, Jan. 1978.

ASD Computer Center INTERCOM Guide, Rev. A, Sept. 1976.

Magdaleno, R. E., D. T. McRuer, and G. P. Moore, Small Perturbation
Dynamice of the Neuromuscular System in Tracking Tasks, NASA
CR-1212, Dec. 1968.

Braune, W., O. Fischer, J. Amar, and W. T. Dempster, Human Mechan-

ics; Four Monographs Abridged, AMRL~TDR-63-123, Dec.'T9637(AD 600618)

»”

"Symposium on Biodynamic Models and Their Applications,” Dayton,
Ohio, 15-17 Feb. 1977, published in Av., Space and Environ.
Med., Vol. 49, No. 1, Jan. 1978.
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